INTRODUCTION {#cesec10}
============

Glenohumeral joint dislocations are more common than those that occur in any other joint and the deformity and impairment of function that arise from a dislocated shoulder are widely known. The first evidence of the occurrence of dislocation are found in the paintings of the tombs of Ancient Egypt. Undoubtedly, prehistoric cavemen also recognized these lesions[@bib1].

The dislocations can be classified into the traumatic, atraumatic, and recurrent. The traumatic type is caused by violent force on the glenohumeral joint, which usually leads to injury of the labrum, the glenohumeral ligaments and capsule-called a Bankart lesion[@bib2], [@bib3]. The occurrence of traumatic dislocations of the glenohumeral joint is relatively common, especially anterior dislocation, which affects 1.5 to 2% of the population in general and about 7% of athletes who use the upper limb. The incidence is more frequent in young individuals who perform some form of exercise and less common in older individuals, where the most common injuries are fractures or injuries of the rotator cuff[@bib3]. The atraumatic type occurs with subluxation episodes without trauma. The joint has a hypermobile capsule, allowing for excessive translation movement. Subluxation can be anterior, posterior, or inferior, and in most cases, a sum of directions constitutes a bidirectional or multidirectional instability[@bib2], [@bib3], [@bib4]. The recurrent type occurs after minor trauma. Around 80% of primary traumatic dislocation cases progress to recurrences. The more intense the episodes of dislocation, the more frequent the recurrence, due to the progressive increase of the injury that occurs in successive dislocations[@bib2], [@bib3], [@bib4].

The Bankart lesion is the detachment of the anterior joint capsule and the labrum near the edge of the glenoid. This injury occurs in anterior scapulohumeral dislocations and is present in approximately 85% of recurrent dislocations. The understanding of the labral avulsion, known as a Bankart lesion or an "essential" lesion, was instrumental for the improvement of the surgical technique[@bib5], [@bib6].

Knowledge of the anatomy and biomechanics of the shoulder has improved considerably in recent years with magnetic resonance imaging (MRI), MR arthrography (arthro-MRI), more detailed biomechanical laboratory studies, and with the use of arthroscopy. The improvement of diagnostic methods and anatomical knowledge allowed new associated lesions to be revealed, such as SLAP (superior labrum anterior and posterior), GLAD (glenoid labrum articular disruption), ALPSA (anterior labroligamentous periosteal sleeve avulsion), HAGL (humeral avulsion of the glenohumeral ligament), changing the treatment method[@bib7].

The use of suture anchors decreased surgical time and made the procedure technically easier. Understanding the concepts of instability and capsuloligamentous laxity was also important in choosing the proper technique. Current surgical techniques aim to reconstruct associated lesions without restricting the mobility or activity of the patient[@bib8].

Treatment of recurrent dislocation of the shoulder can be performed using the conventional method, that is, open or arthroscopic surgery. Conventional treatment of recurrent dislocations, according to the literature, results in recurrence rates ranging from 3 to 8%, depending on the author, and is still considered gold standard for this lesion[@bib2], [@bib5]. Arthroscopy has made great advances, such as better knowledge of the associated lesions, better aesthetics, lower risk of failure of the subscapularis muscle, faster return to work and sports, and high patient satisfaction[@bib6], [@bib8], [@bib9], [@bib10]. It presents results similar to open surgery when patients are appropriately selected[@bib8], [@bib9].

The objective of this study is to clinically and radiologically evaluate the postoperative integrity of the subscapularis muscle through strength, function, and MRI after deltopectoral approach for the treatment of recurrent anterior glenohumeral dislocation.

METHODS {#cesec20}
=======

From March 1997 to November 2006, 96 patients with recurrent anterior shoulder dislocation were operated on using a deltopectoral approach with the insertion of anchors at the Shoulder and Elbow Clinic at the Institute of Orthopedics and Traumatology (IOT), Passo Fundo, RS. Of these, 20 cases returned for the evaluative study. All cases had a minimum follow-up of 12 months and a maximum of 128, with an average of 40 months. The patients were all male, with a mean age 29 years (20-42 years), an average height of 1.76 m (1.67 to 1.89 m), and a mean weight of 76.1 kg (59-103 kg). The dominant side was affected in 13 patients (65%) ([Table 1](#tbl1){ref-type="table"}).

Patients underwent a physical examination of mobility, muscle strength, the belly-press test and the Gerber test.

For data analysis, we compared the differences between the isokinetic strength measurements in the operated and non-operated limbs for both internal and external rotation and 60°/s and 180°/s angular velocities. We also compared the strength deficits obtained for internal and external rotation for the same speed. To better understand the results, comparisons were also made by dividing the patients into two distinct groups: those with the dominant side being operated and non-dominant side being operated. Magnetic resonance imaging (MRI) was performed in 15 patients on both shoulders to evaluate the thickness, the cross-sectional area, and the subscapularis muscle hypotrophy[@bib11], [@bib12], [@bib13], [@bib14]. The images were made using the Siemens Avanto 1.5 Tesla at the Kozma radiology clinic, in Passo Fundo, RS. All images were obtained in the oblique sagittal and axial views, T1-weighted and DPW FAT SAT. The axial image chosen was the one that clearly showed the anterior and posterior labrum of the glenoid ([Figure 2](#fig2){ref-type="fig"}). In this image, a line was drawn parallel to the labrum; at the same level, the thickness, cross-sectional area, and fatty degeneration of the subscapularis tendon were measured on a sagittal image ([Figure 3](#fig3){ref-type="fig"}). To determine the thickness, a line was drawn perpendicular to the axis in the central part of the tendon connecting its anterior and posterior margins in the sagittal image. The fatty degeneration was evaluated according to the Bernageau and Goutallier classification (Chart 1). Both the thickness and the cross-sectional area were measured with the aid of the image analysis software and FilmeLite.

Figure 1Positioning the patient on the dynamometer in external and internal rotation.

The Rowe and UCLA (University of California at Los Angeles) scoring systems were used to assess patients.

The statistical analysis was performed using the paired Student\'s t-test. Results were considered statistically significant when p \> 0.05.

Chart 1Classification of fatty degeneration according to Bernageau and Goutallier.Grade 0Absence of fatGrau 1Small fatty striationsGrade 2Proportion of fat is less than muscleGrade 3Equal proportion of fat and muscleGrade 4Proportion of fat is greater than muscle

RESULTS {#cesec30}
=======

All patients had negative belly-press and Gerber tests.

The results of isokinetic strength assessments are presented in [Table 2](#tbl2){ref-type="table"}. Comparison of the peak torque obtained for the operated and non-operated shoulders for the angular velocity of 60°/s for both internal (p = 0.036) and external (p = 0.008) rotation, revealed statistically significant differences. However, for the speed of 180°/s, reductions in peak torque were not significant (internal rotation: p = 0.133; external rotation: p = 0.393).

When the data are evaluated by dividing patients into two groups, those who were operated on the dominant side had differences between peak torque for both internal rotation (180°/s: p = 0.205; 60°/s: p \> 0.4) as for the external (180°/s: p = 0.076; 60°/s: p \> 0.4) at both speeds that were not statistically significant. However, for patients operated on the non-dominant side, the decrease in peak torque of the affected limb was significant.

In the comparison between the deficits in peak torque for external and internal rotation at the same speed, the difference found at 60°/s was statistically significant at a significance level of 5% (p = 0.046), with the deficit of internal rotation (20.87%) superior to that of external rotation (15.28%). For the speed of 180°/s, the difference between the deficits is not significant (p \> 0.400), as both are approximately 16%. When comparing only patients operated on the non-dominant side, we observed that the largest deficit is for internal rotation at 180°/s (21.04%) ([Figure 4](#fig4){ref-type="fig"}), while for the group of patients with the dominant side operated, the largest deficit was found in internal rotation at 60°/s (23.37%) ([Figure 5](#fig5){ref-type="fig"}).

The results obtained with the MRI images are shown in [Table 3](#tbl3){ref-type="table"}.

The thickness of the subscapularis tendon in the affected limb is significantly smaller than that of the normal side (p = 0.0005), 0.4 cm on average, which constitutes a deficit of 19%. Even when patients are evaluated in different groups, this difference is also significant. For patients who were operated on the dominant side, the deficit presented was 13.31% (p = 0.02) and 30% for those who were operated on the non-dominant side (p = 0.004).

The cross-sectional area of the subscapularis is also significantly reduced when compared with the normal side (p = 0.0005), 1.7^cm2^ on average, which constitutes a difference of 23%. For patients who were operated on the dominant side, the deficit was found to be 14.15% (p = 0.005), while for the cases in which the non-dominant side was operated, the difference in area was 36.51% (p = 0.00005).

The assessment of fatty degeneration showed that 46.7% had grade 1, and 33% had no fatty degeneration. When the patients are evaluated in separate groups, in the cases where the dominant side corresponds to the operated limb, only grade 0 (33%) and grade 1 (67%) were observed. In patients who were operated on the non-dominant side, 33% did not show any degeneration. However, degeneration in grades 2 (33%) and 3 (17%) were observed in this group.

Using the Rowe and UCLA scoring systems, we observed excellent and good results in most patients, averaging 88 and 31.6 points, respectively ([Table 1](#tbl1){ref-type="table"}).

DISCUSSION {#cesec40}
==========

Open surgery in which the labrum and the inferior glenohumeral ligament are restored is still considered by many authors to be the treatment of choice to stabilize the shoulder. However, open surgery may restrict mobility and strength, and can evolve into secondary osteoarthritis[@bib9].

Sachs *et al*. evaluated the role of the subscapularis muscle after open surgery and found that 77% of patients had normal function of the subscapularis and at least 80% strength compared to the opposite side. All patients had a negative belly-press test[@bib15].

Comparing the strength between patients operated by open surgery and arthroscopy, Hiemstra *et al*.[@bib16] found no statistically significant differences in isokinetic strength for internal and external rotation at angular velocities of 60 and 180°/s.

In our study, statistically significant differences in peak torque were found for the operated and non-operated sides at a speed of 60°/s in both external and internal rotation. However, for 180°/s, no difference was observed. This may be due to the greater strength required in the test at a slower speed. For patients who were operated on the non-dominant side, the differences between the two angular velocities were significant, and where the operated side is the dominant side, the decreases were insignificant. This is probably because the dominant side is the side that is most used and recovers more adequately.

We also observed in our study that the difference between the peak torque deficits for the external and internal rotation at 60°/s was significant, with the internal rotation deficit predominating. For the speed of 180°/s, the difference between the deficits was not significant. However, when comparing only patients that were operated on the non-dominant side, we observed that the largest deficit is related to internal rotation to 180°/s, while for the group of patients operated on the dominant side, the largest deficit was found for the internal rotation at 60°/s.

The results of our study may have been affected by several factors, since the isokinetic strength testing was performed with the aid of a dynamometer. Thus, the reliability of the test depends on the accuracy of the dynamometer, the reproducibility of the measured parameters, the type of protocol applied, subjective factors, and the motivation of the patient.

The MRI allowed us to verify that the thickness of the subscapularis in the operated shoulder is significantly inferior than the normal side, even when patients are assessed in separate groups (dominant and non-dominant side operated). The difference was 19%, a result similar to that obtained in the studies of Tuoheti *et al*.[@bib17] (18.7%). In assessing the cross-sectional area of the subscapularis, a significant reduction in the operated shoulder was also observed, with a deficit of 23%. Tuoheti *et al*.[@bib17] found a 29% deficit in their study.

The assessment of fatty degeneration showed that most patients had good results, and that only in those with the non-dominant side operated was degeneration observed in grades 2 and 3.

The results presented in this paper could be more representative if a greater number of the 96 patients asked to attend the evaluation had attended. Only 20 patients participated in the study and the others did not attend due to distance and financial impossibility.

CONCLUSION {#cesec50}
==========

Open surgery in which the labrum and the inferior glenohumeral ligament are restored is still considered by many authors to be the treatment of choice to stabilize the shoulder. However, open surgery may limit strength, which was a statistically significant finding in our study. However, we found trends toward improved outcomes in patients operated on their dominant side. The MRI also showed no significant reduction in the thickness and cross-sectional area of the subscapularis tendon, leading to varying degrees of hypotrophy.

![MRI image in the axial plane.](gr2){#fig2}

![MRI images in the sagittal plane. A) for measuring the thickness, B) for measuring the area, and C) for the assessment of fatty degeneration.](gr3){#fig3}

![Percentage of peak torque deficit in patients operated on the non-dominant side.](gr4){#fig4}

![Percentage of peak torque deficit in patients operated on the dominant side.](gr5){#fig5}

###### 

Patient data.

  Case   Name     PO months   Sex   Age (years)   Weight (kg)   Height (m)   Operated side   Dominant side   UCLA   Rowe
  ------ -------- ----------- ----- ------------- ------------- ------------ --------------- --------------- ------ ------
  1      L.L.F.   20          M     37            78.0          1.71         right           right           33     100
  2      W.R.L.   20          M     22            72.0          1.72         left            left            31     75
  3      A.F.     81          M     42            80.0          1.70         left            right           26     75
  4      J.A.C.   53          M     36            68.0          1.83         left            right           33     90
  5      P.R.O.   23          M     25            60.0          1.70         right           right           31     100
  6      C.P      39          M     22            76.0          1.71         left            right           35     100
  7      J.S.D.   30          M     28            59.0          1.67         right           right           31     90
  8      M.G.     128         M     32            80.0          1.83         right           right           31     90
  9      A.G.     64          M     25            82.5          1.82         right           right           24     70
  10     A.C.G.   12          M     20            103.0         1.89         left            right           33     100
  11     M.A.S.   22          M     23            68.0          1.72         right           right           31     100
  12     T.P.R.   59          M     23            89.0          1.75         left            right           33     100
  13     PR.      38          M     26            62.0          1.70         left            right           31     90
  14     L.A.     48          M     36            83.0          1.83         right           right           33     90
  15     E.E.C.   40          M     36            68.0          1.75         left            left            31     90
  16     D.B.D.   40          M     33            84.0          1.76         right           right           31     70
  17     M.A.F.   14          M     26            83.0          1.79         right           right           33     50
  18     F.G.L.   29          M     29            76.0          1.74         right           right           35     100
  19     A.L.M.   14          M     27            72.0          1.75         right           right           33     100
  20     S.G.     32          M     25            77.5          1.81         left            right           33     75

Legend: M: male, F: female. Source: SAME-IOT, Passo Fundo, RS.

###### 

Evaluation of isokinetic strength.

  Patient   60°/s   180°/s                                                                            
  --------- ------- -------- ------- -------- ------- ------- ------- ------- ------- ------- ------- -------
            NO      O                NO       O               NO      O               NO      O       
  L.L.F.    54.20   55.50    2.30    58.30    68.20   17.00   50.30   53.70   6.70    62.50   71.20   13.90
  W.R.L     26.80   18.80    29.80   40.60    23.40   42.40   13.70   18.70   36.40   16.80   18.20   8.20
  A.F.      36.10   32.60    9.60    50.10    41.00   18.20   27.90   21.90   21.50   29.20   21.40   26.70
  J.A.C.    23.40   20.20    13.60   41.90    43.00   2.70    17.70   18.90   6.70    41.30   34.00   17.60
  PRO.      25.50   19.70    22.50   36.80    24.70   32.80   21.00   17.30   17.70   22.40   24.30   8.50
  C.P.      36.30   31.50    13.20   50.00    37.10   25.80   18.00   23.00   27.50   24.00   28.40   18.20
  J.S.D.    30.50   26.50    13.00   41.60    33.90   18.50   22.90   21.90   4.50    24.40   23.70   2.80
  M.G.      23.00   39.10    70.30   38.80    51.70   33.40   20.40   29.00   42.50   28.60   32.30   13.00
  A.G.      52.50   43.80    16.60   64.40    73.70   14.50   25.50   19.10   25.30   20.50   25.80   25.70
  A.C.G.    23.30   22.70    2.40    29.40    31.20   6.00    19.40   22.50   16.00   30.40   37.00   21.60
  M.A.S.    30.10   28.30    6.20    52.60    41.90   20.30   25.90   27.00   4.30    47.10   39.60   15.90
  T.P.R.    64.30   53.50    16.80   104.70   80.80   22.90   61.10   46.30   24.20   89.80   71.60   20.20
  P.R.      37.40   31.30    16.30   48.90    46.30   5.20    32.80   35.50   8.30    43.90   46.10   5.00
  L.A.      50.00   41.40    17.30   52.70    70.50   33.80   40.30   35.50   11.80   41.70   47.60   14.20
  E.E.C.    33.10   29.20    11.90   64.70    55.00   15.00   30.20   34.60   14.40   29.90   31.90   6.80
  D.B.D.    62.10   50.70    18.30   75.40    59.50   21.10   50.20   40.10   20.00   45.50   38.10   16.30
  F.G.L.    32.00   29.80    7.00    49.00    55.90   14.20   28.60   33.30   16.10   44.30   46.80   5.70
  A.L.M.    31.90   33.10    3.80    54.40    38.00   30.10   28.80   30.80   6.90    49.30   31.50   36.30
  S.G.      38.90   36.50    6.20    52.30    35.20   32.80   31.60   29.00   8.20    51.20   31.70   38.00
  M.A.F.    35.00   32.00    8.57    51.50    46.00   10.68   30.00   31.00   3.30    40.10   37.40   6.73
  Mean      37.32   33.81    15.28   52.91    47.85   20.87   29.82   29.46   16.12   39.15   36.93   16.07

Legend: NO: non-operated shoulder, O: operated shoulder

###### 

Evaluation of MRI images.

  Patient   Operated side   Dominant side   Thickness (cm)   Cross-section ^(cm2)^   Goutallier                         
  --------- --------------- --------------- ---------------- ----------------------- ------------ ------ ------ ------- ---
  M.A.F.    R               R               1.40             1.90                    26.32        5.60   7.20   22.22   1
  L.L.F.    R               R               1.30             1.90                    31.58        5.20   7.40   29.73   1
  F.G.L.    R               R               1.30             1.10                    -18.18       5.50   5.60   1.25    1
  J.S.D.    R               R               1.40             1.20                    -16.67       5.40   5.05   -6.53   1
  M.G.      R               R               1.40             1.60                    12.50        3.60   4.15   13.25   0
  M.A.S.    R               R               0.90             0.90                    0.00         4.70   4.80   2.08    0
  P.R.O.    R               R               1.30             1.90                    31.58        5.50   7.40   25.68   1
  A.G.      R               R               1.40             1.90                    26.32        5.80   7.20   19.44   0
  D.B.D.    R               R               1.40             1.90                    26.32        5.90   7.25   18.62   1
  S.G.      L               R               1.80             2.20                    18.18        5.85   8.95   34.64   0
  C.P.      L               R               1.00             2.10                    52.38        4.55   7.80   41.67   1
  A.C.G.    L               R               1.10             1.90                    42.11        4.80   6.90   30.96   2
  A.F.      L               R               1.30             2.00                    35.00        5.70   8.80   34.77   3
  J.A.C.    L               R               1.40             1.60                    12.50        3.35   6.10   44.99   2
  P.R.      L               R               1.70             2.10                    19.05        5.90   8.60   31.39   0
  Mean                                                                               19.93                      22.94   

Legend: R: right, L: left; NO: non-operated shoulder, O: operated shoulder.
